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SLIP 4 SALINITY MONITORING 
DATA REPORT 

North Boeing Field  
Seattle/Tukwila, Washington 

1.0 INTRODUCTION 

An Administrative Settlement Agreement and Order on Consent (ASAOC) for a Removal 
Action was entered into by the U.S. Environmental Protection Agency (EPA) and The Boeing 
Company (Boeing) on September 29, 2010.  The Statement of Work (SOW), Appendix C of 
the ASAOC, specifies that pending the outcome of a salinity study, the aquatic life chronic 
marine water quality criterion of 0.03 micrograms per liter (µg/L) total polychlorinated biphenyls 
(PCBs) may be justified in place of the specified interim goal of 0.014 µg/L total PCBs based 
on the aquatic life chronic freshwater quality criterion.  Salinity data were collected in Slip 4 
during three sampling events in March and April 2011 using the approved Slip 4 Salinity 
Monitoring Plan (Geosyntec 2011) and the Field Sampling Plan (AMEC 2011) submitted to 
EPA.   
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2.0 DATA COLLECTION 

Sampling was conducted using the procedures presented in the Field Sampling Plan (AMEC 
2011).  River discharge for the Green River (U.S. Geological Survey [USGS] gage #12113000, 
Auburn, Washington) was monitored using the NOAA Northwest River Forecast Center 
Website (http://www.nwrfc.noaa.gov/river/station/flowplot/flowplot.cgi?AUBW1).  The three 
sampling events (March 17, April 13, and April 17, 2011) were conducted when the river 
discharge for the Green River exceeded 1,900 cubic feet per second (cfs) for at least 24 hours 
prior to the start of each sampling event.  Each sampling event consisted of six rounds of 
sampling conducted over a 12-hour period. Each round of sampling consisted of collecting 
vertical profiles of temperature, conductivity, and salinity at eight equally spaced discrete 
profiling stations (DPS) arranged along the selected transect (Transect A) positioned 
transversely across the slip (Table 1; Figure 1).  

Temperature and conductivity readings were collected using a YSI multiparameter water 
quality data sonde.  The conductivity cell on the data sonde was calibrated prior to use with a 
10-milliSiemens per centimeter (mS/cm) conductivity standard using the procedures presented 
in the Standard Operating Procedures appendix of the Field Sampling Plan (AMEC 2011).  
The calibration was also checked at the conclusion of the field sampling.  Depth readings were 
adjusted by entering a 0.2-meter offset and compensating for barometric pressure before the 
start of each sampling event.  Depth readings were periodically adjusted for changing 
barometric pressure throughout each sampling event. 

Time, date, depth, temperature, conductivity, and salinity data (calculated using the built-in 
algorithm and expressed on the Practical Salinity Scale [PSS]) were logged continuously 
(once per second) as the data sonde was slowly lowered from the water’s surface to the 
bottom and then back up to the surface at each DPS.  Lowering of the data sonde was paused 
for approximately 10 to15 seconds at each 0.5-meter depth interval to allow the instrument 
readings to stabilize and to log data. 
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3.0 SAMPLING EVENTS 

Salinity measurements were collected manually, by boat, from each DPS (DPS 1 to DPS 8) 
along the selected transect (Transect A; Figure 1).  Water depth and vessel clearances for the 
two end stations, DPS 1 and DPS 8) were confirmed prior to the start of the first round of 
sampling.  The estimated water depth at station DPS 8 was compared to the predicted tide to 
determine if the water depth during low tide would be sufficient to allow sampling.   

Operation of the global positioning system receiver followed the Standard Operating 
Procedures presented in the Field Sampling Plan (AMEC 2011) and was checked prior to the 
start of each sampling event and at the conclusion of each sampling event for proper operation 
as documented in Field Notes provided in Appendix A.   

The sampling vessel was anchored in place within 2 meters of the preprogrammed Global 
Positioning System (GPS) coordinates of the proposed sampling location (Table 1).  The 
boat’s position was monitored during each data sonde cast to ensure that the vessel remained 
on station.   

3.1 EVENT 1 – MARCH 17, 2011 
Six rounds of sampling were conducted between 08:20 and 20:48 on March 17, 2011.  
Weather was partly cloudy to overcast.  Winds were light.  There was no precipitation in the 
vicinity of Slip 4 or North Boeing Field (Appendix B).  Predicted low tide (+4.4 feet mean lower 
low water [MLLW]) was at 10:17 (between Sampling Round 1 and 2) and the predicted high 
tide (10.1 feet MLLW) was at 15:43 (during Sampling Round 4) (Appendix C).  Flow rates 
during Sampling Round 1 were approximately 2,030 cfs (Table 2).  Flow rates remained above 
1,900 cfs until approximately 18:30 (during Sampling Round 5) when it dropped below 
1,900 cfs.  Flow rates had decreased to 1,826 cfs by the end of Sampling Round 6 at 20:48. 

A minor problem occurred during the sampling event that resulted in a temporary interruption 
in data recording.  The data gap occurred during retrieval of the water quality instrument at 
station DPS 5 during Sampling Round 5.  The cable connection between the data sonde and 
the data logger was unplugged.  The equipment problem did not impact collection of the data 
needed to develop a vertical salinity profile at the station.   

3.2 EVENT 2 – APRIL 13, 2011 
Six rounds of sampling were conducted between 09:30 and 20:55 on April 13, 2011.  Weather 
was generally overcast with mist and light rain (occasionally heavy) becoming partly cloudy 
with sun breaks later in the day.  Winds were mostly light but with occasional stiffer wind gusts 
during periods of heavier rain.  Total measured precipitation at North Boeing Field during the 
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12-hour sampling event was 0.06 inch (Appendix B).  Predicted high tide (+8.4 feet MLLW) 
was at 13:23 (during Sampling Round 3) and the predicted low tide (1.1 feet MLLW) was at 
19:50 (during Sampling Round 6) (Appendix C).  Flow rates during the sampling event were 
approximately 2,210 cfs and remained very constant throughout the 12 hours (Table 2).   

A small boat entered Slip 4 and motored across the sampling stations at the south end of the 
transect while profiling at DPS 5 during Round 1.  The boat was maneuvering slowly and had 
a shallow draft.  It was unlikely that there was any measurable disturbance to the 
freshwater/saltwater interface.  

3.3 EVENT 3 – APRIL 17, 2011 
Six rounds of sampling were conducted between 09:30 and 21:40 on April 17, 2011.  Weather 
was partly cloudy to overcast.  Winds were light.  There was no precipitation in the vicinity of 
Slip 4 or North Boeing Field (Appendix B).  Predicted low tide (-0.8 feet MLLW) was at 11:13 
(between Sampling Round 1 and Sampling Round 2) and the predicted high tide (11.0 feet 
MLLW) was at 17:47 (at the start of Sampling Round 5) (Appendix C).  Flow rates during the 
sampling event varied between 2,064 and 2,146 cfs during the 12 hours (Table 2).   

During Round 4 sampling a tug that had been tied up to barges in Slip 4 cast off from the 
barges and left the slip.  The barges and tug were located to the southwest of the sampling 
transect.  The tug left after sampling at DPS 5 was completed.  We moved off station while the 
tug maneuvered out of the Slip along the south side of the Slip.  After the tug had left we 
anchored on station DPS 6 and resumed the vertical profile sampling.  There might have been 
minor disturbance to the freshwater/salt water interface from the vessel passage but significant 
impacts were not evident.   
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4.0 DATA ANALYSIS 

Individual data files were electronically recorded for each DPS location (Appendix D).  The 
data records for each sampling location were coded for the Sampling Round based on time.  
Each round of sampling was divided into a down cast (surface to maximum recorded water 
depth) and an up cast.  Data from the down cast was used unless there were insufficient 
records collected at a depth interval to calculate an average salinity.  If an average salinity for 
a depth interval could not be calculated using the down cast data, an average salinity value 
was calculated from data recorded during the up cast.  During Sampling Event 2, three depth 
intervals used salinity values from the up cast or instrument retrieval as the depth interval 
salinity value.  During Sampling Event 3, one depth interval salinity value was calculated using 
data from the up cast.  The data to be averaged for a depth interval included all the values 
recorded on the down cast (or the up cast) that were within ±0.04 meter of the each horizontal 
depth interval.  For each round of sampling a minimum of eight surface (0.5-meter depth) 
salinity values were recorded (one for each DPS).  Eight or fewer values were recorded at 
deeper intervals.  A horizontally averaged salinity was calculated for each depth interval 
(i.e., 0.5-meter, 1.0-meter, 1.5-meter, etc.) during each round of sampling.  The horizontally 
averaged salinity values collected during a sampling round were then averaged to obtain a 
vertically average salinity for the sampling round.  The maximum vertically averaged salinity 
value from any round of sampling during the sampling event was considered the daily 
maximum vertical average (DMVA) from each sampling event.  

Table 3 presents the salinity data for Sampling Event 1.  The DMVA from the sampling event 
was 17.0 parts per thousand (ppt) and the daily vertical average was 12.3 ppt.  Table 4 
presents the salinity data for Sampling Event 2.  The DMVA from the sampling event was 
12.2 ppt and the daily vertical average was 8 ppt.  Table 5 presents the salinity data for 
Sampling Event 3.  The DMVA from the sampling event was 16.2 ppt and the daily vertical 
average was 10.7 ppt.   
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5.0 SUMMARY AND INTERPRETATION 

The Field Sampling Plan (AMEC 2011) and the Final Slip 4 Salinity Monitoring Plan 
(Geosyntec 2011) provided the following data interpretation criteria.  If at least one of the three 
transect DMVA salinity values, as measured by conductivity and temperature data, is less than 
1 ppt, the freshwater criteria for receiving waters will apply.  If the three DMVA salinity values 
are greater than 10 ppt, the marine water criteria for receiving waters will apply.  If neither of 
the above conditions are met, then the salinity data may be reassessed based on the 
horizontal and vertical data to determine the percentage of marine and freshwater components 
across the slip.  

The DMVA salinity values for all three Sampling Events were greater than 10 ppt.  On the 
basis of these results the marine criterion of 0.03 µg/L total PCBs will be used in evaluating 
stormwater releases into Slip 4. 
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TABLES 
 



Transect Station Northing Easting

A DPS-1 198917 1273248 17.1
DPS-2 198908 1273262 17.1
DPS-3 198899 1273277 17.1
DPS-4 198890 1273291 17.1
DPS-5 198881 1273306 17.1
DPS-6 198872 1273321 17.1
DPS-7 198863 1273335 17.1
DPS-8 198854 1273350 17.1

Abbreviation(s)
NAD 83 = North American Datum 1983
WA SPC North NAD 83 = Washington State Plane Coordinate System, North Zone, 

referenced to the North American Datum 1983

TABLE 1

DISCRETE PROFILING STATIONS
Slip 4 Salinity Monitoring

North Boeing Field, Seattle/Tukwila, Washington

State Plane Coordinates
(WA SPC North NAD 83; 

survey feet)
Distance 

Between Stations 
(feet)
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Green River – near Auburn, Washington (AUBW1)

Stage Discharge Stage Discharge Stage Discharge Stage Discharge Stage Discharge Stage Discharge
Time (ft) (cfs) (ft) (cfs) (ft) (cfs) Time (ft) (cfs) (ft) (cfs) (ft) (cfs)
0:00 56 2122 56.16 2256.15 56 2122 12:00 55.88 2021.43 56.1 2202 55.97 2098
0:15 55.98 2106 56.16 2256.15 12:15 55.87 2012.86 56.09 2194
0:30 55.97 2098 56.15 2246.92 56.01 2130 12:30
0:45 55.96 2090 56 2122 12:45 55.87 2012.86
1:00 55.96 2090 56 2122 13:00 56.09 2194
1:15 55.95 2081.43 56.15 2246.92 56 2122 13:15 55.87 2012.86 56.1 2202
1:30 55.95 2081.43 56.14 2237.69 56 2122 13:30 55.87 2012.86 56.09 2194
1:45 55.95 2081.43 56.14 2237.69 56.01 2130 13:45 55.87 2012.86 56.1 2202 55.97 2098
2:00 55.94 2072.86 56.14 2237.69 56.01 2130 14:00 55.86 2004.29 56.1 2202 55.96 2090
2:15 55.93 2064.29 56.14 2237.69 56 2122 14:15 55.87 2012.86 56.09 2194 55.95 2081.43
2:30 55.93 2064.29 56.13 2228.46 56 2122 14:30 55.86 2004.29 56.09 2194 55.96 2090
2:45 56.14 2237.69 56.01 2130 14:45 55.87 2012.86 56.09 2194
3:00 55.93 2064.29 56.13 2228.46 56 2122 15:00 55.86 2004.29 56.1 2202 55.96 2090
3:15 56 2122 15:15 55.86 2004.29 55.95 2081.43
3:30 55.92 2055.71 15:30 55.86 2004.29 55.96 2090
3:45 55.93 2064.29 15:45 55.86 2004.29 55.95 2081.43
4:00 55.93 2064.29 16:00 55.85 1995.71
4:15 55.92 2055.71 56 2122 16:15 55.85 1995.71 56.1 2202
4:30 55.92 2055.71 55.99 2114 16:30 55.85 1995.71 56.09 2194
4:45 55.92 2055.71 56.13 2228.46 56 2122 16:45 55.84 1987.14 56.1 2202
5:00 55.92 2055.71 56.12 2219.23 17:00 55.83 1978.57 55.95 2081.43
5:15 56.13 2228.46 56 2122 17:15 55.81 1962 56.1 2202 55.94 2072.86
5:30 56.12 2219.23 55.99 2114 17:30 55.81 1962 56.11 2210 55.95 2081.43
5:45 55.91 2047.14 17:45 55.79 1946 56.1 2202 55.95 2081.43
6:00 55.91 2047.14 56.12 2219.23 56 2122 18:00 55.78 1938 55.94 2072.86
6:15 55.91 2047.14 56.13 2228.46 55.99 2114 18:15 55.76 1922
6:30 55.91 2047.14 56.12 2219.23 18:30 55.73 1898
6:45 56.12 2219.23 18:45 55.71 1882 55.94 2072.86
7:00 55.9 2038.57 56.11 2210 19:00 55.7 1874 56.1 2202 55.93 2064.29
7:15 55.9 2038.57 56.12 2219.23 19:15 55.69 1866 56.11 2210 55.94 2072.86
7:30 55.9 2038.57 56.11 2210 19:30 55.67 1850 56.11 2210 55.94 2072.86
7:45 55.9 2038.57 19:45 55.66 1842 56.1 2202 55.95 2081.43
8:00 20:00 55.65 1834 55.97 2098
8:15 20:15 55.64 1826 56.1 2202 55.98 2106
8:30 20:30 55.64 1826 56.11 2210 56 2122
8:45 20:45 55.64 1826 56.11 2210
9:00 55.99 2114 21:00 55.63 1818 56.12 2219.23 56.03 2146
9:15 55.89 2030 56.11 2210 55.97 2098 21:15 55.62 1810 56.11 2210 56.04 2154
9:30 55.89 2030 56.1 2202 55.99 2114 21:30 55.62 1810 56.06 2170
9:45 55.89 2030 55.98 2106 21:45 55.62 1810 56.11 2210 56.07 2178
10:00 55.89 2030 22:00 55.62 1810 56.1 2202 56.08 2186
10:15 55.88 2021.43 22:15 55.61 1802 56.1 2202 56.09 2194
10:30 55.89 2030 22:30 55.61 1802 56.11 2210
10:45 55.88 2021.43 56.1 2202 22:45 55.62 1810
11:00 55.89 2030 56.09 2194 55.98 2106 23:00 55.61 1802 56.09 2194
11:15 55.88 2021.43 56.1 2202 55.97 2098 23:15 55.61 1802 56.11 2210 56.1 2202
11:30 55.87 2012.86 56.09 2194 55.98 2106 23:30 55.61 1802 56.1 2202
11:45 55.87 2012.86 56.1 2202 55.98 2106 23:45 55.61 1802

Note(s)
1.  Information source:  NOAA Northwest River Forecast Center Website, 

 http://www.nwrfc.noaa.gov/river/station/flowplot/flowplot.cgi?AUBW1.

Abbreviation(s)
cfs = cubic feet per second
ft = feet

Not available

Not available
Not available Not available

Not available Not available Not available
Not available Not available Not available

Not available
Not available
Not available Not available
Not available Not available

Not available Not available Not available Not available
Not available Not available

Not available Not available Not available
Not available Not available Not available

Not available Not available
Not available Not available Not available Not available

Not available Not available Not available
Not available
Not available
Not available

Not available
Not available Not available

Not available Not available Not available

Not available Not available
Not available
Not available

Not available Not available

Not available
Not available Not available
Not available Not available

Not available

Not available Not available Not available
Not available Not available Not available

Not available Not available Not available
Not available Not available Not available

Not available Not available Not available
Not available
Not available

Not available Not available

Not available Not available
Not available Not available Not available

Not available Not available Not available

Observed Observed Observed Observed Observed Observed

TABLE 2 ¹

STAGE AND DISCHARGE INFORMATION FOR GREEN RIVER AT AUBURN, WASHINGTON
Slip 4 Salinity Monitoring

North Boeing Field, Seattle/Tukwila, Washington

March 17, 2011 April 13, 2011 April 17, 2011 March 17, 2011 April 13, 2011 April 17, 2011
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Salinity (ppt PSS) Station Salinity (ppt) DPS Salinity (ppt) High/
Round Depth Interval (m) DPS1 DPS2 DPS3 DPS4 DPS5 DPS6 DPS7 DPS8 Average/depth Count Average/round Low

1 0.5 0.94 0.99 0.96 0.94 0.95 0.95 0.93 0.95 0.95 8 9.6 2030
1 0.97 1.02 1.04 1.14 1.05 1.06 1.04 1.12 1.05 8

1.5 1.15 1.25 1.28 1.32 1.43 1.57 1.86 1.88 1.47 8
2 1.50 1.79 2.09 2.10 2.04 2.16 2.58 2.81 2.13 8

2.5 2.46 2.65 3.05 2.91 3.22 3.10 3.44 3.29 3.01 8
3 5.00 5.23 5.36 4.97 4.68 4.12 4.29 4.25 4.74 8

3.5 10.07 10.95 8.25 7.34 6.53 6.45 6.40 8.00 7 Low
4 24.89 24.45 22.95 22.02 15.47 17.92 18.40 20.87 7 10:17

4.5 26.82 26.88 26.48 26.61 25.59 24.89 26.21 6
5 27.25 27.30 27.28 26.98 26.87 27.14 5

2 0.5 0.95 1.13 1.21 1.14 1.08 1.72 1.09 1.14 1.18 8 10.3 2010
1 1.28 1.44 1.76 1.99 1.88 2.21 2.28 2.21 1.88 8

1.5 2.38 2.59 2.70 2.74 2.86 2.81 2.74 2.93 2.72 8
2 2.92 2.96 3.05 3.29 3.00 3.04 3.46 3.40 3.14 8

2.5 3.98 3.69 4.04 3.99 3.64 3.52 4.15 4.03 3.88 8
3 4.79 4.65 4.68 5.42 4.16 4.78 6.29 6.57 5.17 8

3.5 6.88 6.78 8.65 11.51 6.72 7.33 19.10 9.57 7
4 21.40 21.62 23.79 25.94 21.08 23.57 22.90 6

4.5 25.15 25.93 26.32 26.92 26.00 26.67 26.16 6
5 26.51 26.56 26.81 26.88 26.69 4

3 0.5 1.21 1.26 1.34 1.31 1.67 1.79 1.58 1.78 1.49 8 13.9 2010
1 2.34 2.10 2.44 2.40 2.45 2.51 2.54 1.95 2.34 8

1.5 2.82 2.81 2.77 2.89 2.72 2.81 2.88 2.82 2.82 8
2 3.37 3.40 3.00 3.33 3.47 3.42 3.45 3.37 3.35 8

2.5 3.99 4.60 3.47 4.42 7.41 6.41 9.58 8.77 6.08 8
3 8.58 11.20 4.40 11.22 16.96 15.05 14.20 14.55 12.02 8

3.5 20.22 18.65 11.50 20.70 23.35 22.78 22.98 20.40 20.07 8
4 24.73 23.74 18.72 25.81 25.86 26.18 26.46 24.50 7

4.5 25.42 25.93 24.15 27.08 26.74 27.21 27.21 26.25 7
5 26.28 26.42 26.39 27.41 27.27 27.41 27.67 26.98 7

5.5 26.99 27.05 27.56 27.46 27.57 27.33 5
4 0.5 1.85 1.97 1.78 1.66 1.63 1.72 1.63 1.68 1.74 8 17.0 2000

1 2.31 2.35 1.98 1.95 1.96 1.86 1.84 1.77 2.00 8
1.5 2.73 2.76 2.45 2.22 2.45 2.39 1.89 1.96 2.36 8

2 3.16 3.35 3.18 2.70 3.03 2.68 2.57 2.56 2.90 8
2.5 7.96 9.91 10.29 6.31 4.01 3.50 3.48 3.83 6.16 8

3 14.24 14.01 18.17 14.68 14.97 15.00 15.91 14.15 15.14 8 High
3.5 23.28 23.79 22.86 23.57 23.50 23.91 23.56 23.32 23.47 8 15:43

4 26.45 26.84 26.67 27.06 27.01 26.88 27.16 27.30 26.92 8
4.5 27.42 27.43 27.50 27.58 27.70 27.88 27.79 27.61 7

5 27.65 27.71 27.89 27.88 27.99 28.05 28.02 27.89 7
5.5 27.86 27.90 28.04 28.05 28.08 28.12 28.01 6

6 27.98 28.02 28.09 28.11 28.11 28.13 28.07 6
6.5 28.05 28.11 28.08 2

5 0.5 1.59 1.57 1.61 1.66 1.65 1.44 1.44 1.42 1.55 8 14.5 1940
1 1.78 1.71 1.74 1.73 1.72 1.67 1.55 1.61 1.69 8

1.5 1.93 1.90 1.84 1.79 1.77 1.72 1.75 1.69 1.80 8
2 2.60 2.49 2.24 2.07 1.93 1.83 1.82 1.77 2.09 8

2.5 3.18 3.21 3.20 2.93 2.62 2.37 2.57 2.32 2.80 8
3 13.10 11.45 9.00 3.62 3.54 3.48 4.77 4.67 6.70 8

3.5 23.94 22.94 21.74 20.93 19.30 12.78 17.43 19.86 7
4 27.18 26.08 25.76 25.31 25.11 24.89 25.66 25.71 7

4.5 27.87 27.87 27.69 27.37 27.20 27.36 27.56 6
5 28.05 28.06 28.06 27.96 27.98 28.02 5

5.5 28.11 28.13 28.12 28.12 28.12 4
6 28.14 28.15 28.15 2

6 0.5 1.36 1.36 1.39 1.29 1.33 1.37 1.29 1.41 1.35 8 8.3 1820
1 1.53 1.62 1.58 1.64 1.64 1.57 1.52 1.63 1.59 8

1.5 1.63 1.73 1.75 1.76 1.76 1.76 1.79 1.78 1.75 8
2 1.78 2.01 1.95 2.17 2.10 2.23 2.36 2.61 2.15 8

2.5 2.65 2.92 2.93 3.39 3.41 3.25 3.43 3.44 3.18 8
3 4.21 4.49 4.78 5.40 5.39 4.86 4.53 4.81 7

3.5 10.06 8.87 8.84 9.15 9.03 6.95 8.82 6
4 24.83 24.43 23.92 24.37 21.93 23.90 5

4.5 27.32 26.84 26.94 27.03 3
DMVA = 17.0

<5 ppt 5 to 10 ppt 10 to 15 ppt 15 to 20 ppt >20 ppt DVA = 12.3

Abbreviation(s)
cfs = cubic feet per second ft = feet ppt = parts per thousand
DMVA = daily maximum vertical average m = meter Precip KBFI = 1-hour precipitation total recorded at Seattle Boeing Field (KBFI)
DPS = discrete profile station MLLW = mean lower low water PSS = Practical Salinity Scale
DVA = daily vertical average

+9.4 to 
+5.1 ft 
MLLW

+4.9 to 
+1.7 ft 
MLLW

+4.5 to 
+6.4 ft 
MLLW

+6.4 to 
+9.3 ft 
MLLW

Estimated 
tide

Flow Rate 
(cfs)

+5.9 to 
+4.5 ft 
MLLW

+4.4 ft 
MLLW

Precip 
KBFI

TABLE 3

SALINITY RESULTS FOR SAMPLING EVENT 1 – MARCH 17, 2011
Slip 4 Salinity Monitoring

North Boeing Field, Seattle/Tukwila, Washington

+9.4 to 
+9.6 ft 
MLLW

+10.1 ft 
MLLW
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Salinity (ppt PSS) Station Salinity (ppt) DPS Salinity (ppt) High/
Round Depth Interval (m) DPS1 DPS2 DPS3 DPS4 DPS5 DPS6 DPS7 DPS8 Average/depth Count Average/round Low

1 0.5 0.71 0.69 1.22 0.94 1.08 1.06 1.09 1.33 1.01 8 10.3 2200 T
1 1.12 1.39 1.50 1.58 1.71 1.46 1.81 2.37 1.62 8

1.5 1.98 1.96 1.80 2.02 2.44 2.04 2.42 3.05 2.21 8
2 2.22 2.51 2.32 2.63 2.89 2.94 3.33 4.62 2.93 8

2.5 2.68 3.14 3.09 3.08 4.22 4.92 4.89 7.52 4.19 8
3 3.10 4.06 5.96 4.30 7.76 7.02 9.92 10.29 6.55 8

3.5 10.62 10.94 7.36 7.65 13.30 12.51 13.52 10.84 7
4 24.94 23.43 23.52 23.59 18.19 19.14 22.13 6

4.5 26.26 25.85 25.63 25.83 24.31 25.59 25.58 6
5 26.45 26.37 26.44 26.25 26.38 4

2 0.5 1.48 1.40 1.46 1.15 1.39 1.25 1.07 1.22 1.30 8 12.2 2200 0.01 in
1 1.90 1.63 1.85 1.56 1.73 1.40 1.48 1.51 1.63 8

1.5 2.59 2.25 2.30 2.02 1.81 1.69 1.94 1.72 2.04 8
2 3.22 3.05 2.60 2.43 2.34 2.17 2.40 2.28 2.56 8

2.5 5.40 3.68 3.11 3.11 2.82 3.10 3.17 2.99 3.42 8
3 7.91 5.93 5.83 5.48 5.45 5.32 6.22 5.84 6.00 8

3.5 10.70 8.87 9.88 11.28 18.52 18.64 22.03 21.87 15.22 8
4 20.93 20.30 20.47 23.36 25.06 26.02 26.06 23.17 7

4.5 24.09 25.52 26.13 26.82 26.78 26.76 26.02 6
5 26.24 26.64 26.81 27.04 27.12 26.77 5 High tide 

5.5 26.46 26.74 26.60 2 13:23
3 0.5 1.17 1.36 1.28 1.24 1.34 1.25 1.25 1.23 1.26 8 11.9 +8.4 ft 2200 0.01 in

1 1.41 1.44 1.38 1.34 1.50 1.51 1.53 1.50 1.45 8 MLLW
1.5 1.58 1.61 1.51 1.51 1.69 1.68 1.90 1.80 1.66 8

2 2.10 1.81 2.06 1.82 2.20 1.97 2.88 2.69 2.19 8
2.5 2.68 2.66 2.44 2.97 3.44 4.18 4.37 3.74 3.31 8

3 6.93 7.55 5.81 9.15 8.77 6.75 8.96 8.90 7.85 8
3.5 18.29 16.61 18.36 13.84 17.42 17.68 12.50 16.39 7

4 21.92 21.74 22.13 21.27 22.44 21.64 16.59 21.10 7
4.5 25.32 24.59 24.44 22.89 23.53 23.26 21.45 23.64 7

5 26.42 25.79 25.95 25.30 25.97 25.97 25.90 6
5.5 27.06 26.82 26.59 26.32 26.43 26.65 5

4 0.5 1.32 1.35 1.35 1.37 1.30 1.34 1.31 1.26 1.33 8 8.8 2200 0.02 in
1 1.41 1.46 1.49 1.41 1.36 1.38 1.46 1.44 1.43 8

1.5 1.57 1.57 1.59 1.53 1.53 1.49 1.49 1.49 1.53 8
2 1.96 1.85 1.82 1.84 1.69 1.70 1.56 1.53 1.74 8

2.5 2.78 2.77 2.38 2.04 1.95 1.83 1.75 2.21 7
3 5.57 5.52 4.17 2.97 2.93 2.82 2.25 3.75 7

3.5 9.76 11.86 7.25 5.36 4.78 5.26 7.38 6
4 16.99 19.49 17.25 15.64 16.55 16.52 17.07 6

4.5 24.83 24.94 24.96 23.69 24.89 24.80 24.68 6
5 26.79 27.04 26.68 25.89 26.60 4

5 0.5 1.22 1.25 1.23 1.17 1.14 1.17 1.17 1.17 1.19 8 3.0 2200
1 1.36 1.36 1.33 1.34 1.34 1.31 1.33 1.36 1.34 8

1.5 1.47 1.44 1.46 1.48 1.50 1.46 1.46 1.47 7
2 1.53 1.61 1.53 1.59 1.56 1.53 1.53 1.56 7

2.5 1.83 1.84 1.84 1.81 1.74 1.71 1.76 1.79 7
3 2.40 2.50 2.29 2.26 2.07 2.05 1.98 2.22 7

3.5 4.61 4.20 4.58 4.11 3.80 3.09 4.07 6
4 13.80 12.43 9.95 6.80 10.74 4

6 0.5 1.14 1.10 1.07 1.12 1.14 1.16 1.14 1.21 1.14 8 1.6 2200 T
1 1.23 1.27 1.29 1.33 1.32 1.34 1.27 1.23 1.29 8 Low tide 

1.5 1.41 1.46 1.47 1.47 1.49 1.42 1.47 1.44 1.45 8 19:50
2 1.54 1.56 1.54 1.56 1.55 1.52 1.50 1.54 7 +1.1 ft

2.5 1.64 1.64 1.67 1.65 1.60 1.55 1.52 1.61 7 MLLW
3 1.81 1.78 1.80 1.73 1.64 1.63 1.73 6

3.5 2.11 2.10 2.05 1.91 1.89 1.80 1.98 6
4 2.57 2.34 2.45 2

DMVA = 12.2
<5 ppt 5 to 10 ppt 10 to 15 ppt 15 to 20 ppt >20 ppt DVA = 8.0

Salinity calculated from data recorded on Instrument retrieval

Abbreviation(s)
cfs = cubic feet per second ft = feet Precip KBFI = 1-hour precipitation total recorded at Seattle Boeing Field (KBFI)
DMVA = daily maximum vertical average m = meter PSS = practical salinity scale
DPS = discrete profile station MLLW = mean lower low water T = trace of precipitation
DVA = daily vertical average ppt = parts per thousand

TABLE 4

SALINITY RESULTS FOR SAMPLING EVENT 2 – APRIL 13, 2011
Slip 4 Salinity Monitoring

North Boeing Field, Seattle/Tukwila, Washington

Estimated tide
Flow Rate 

(cfs)
Precip KBFI

+5.5 ft to 6.8 ft MLLW

+7.3 ft to 8.4 ft MLLW

+8.4 ft to 7.5 ft MLLW

+6.9 ft to 4.5 ft MLLW

+3.6 ft to 1.5 ft MLLW

+1.2 ft to 1.8 ft MLLW
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Salinity (ppt PSS) Station Salinity (ppt) DPS Salinity (ppt) High/
Round Depth Interval (m) DPS1 DPS2 DPS3 DPS4 DPS5 DPS6 DPS7 DPS8 Average/depth Count Average/round Low

1 0.5 1.35 1.35 1.32 1.33 1.35 1.36 1.38 1.36 1.35 8 5.1 2100
1 1.38 1.36 1.36 1.49 1.51 1.52 1.45 1.44 7

1.5 1.81 1.90 2.66 2.77 3.07 2.94 2.84 2.57 7
2 3.20 3.20 3.49 3.24 3.24 3.15 3.08 3.23 7

2.5 4.12 4.11 4.04 3.75 3.47 3.39 3.81 6
3 5.08 4.95 4.51 4.24 3.95 4.55 5

3.5 5.98 5.51 5.10 5.53 3
4 18.40 18.40 1

2 0.5 1.36 1.47 1.37 1.38 1.36 1.39 1.25 1.22 1.35 8 2.3 2100
1 1.56 1.51 1.42 1.46 1.52 1.38 1.29 1.23 1.42 8

1.5 1.76 1.63 1.56 1.62 1.58 1.51 1.50 1.50 1.58 8
2 2.11 1.84 1.74 1.71 1.71 1.63 1.66 1.77 7

2.5 2.48 1.93 1.87 1.93 2.08 2.06 2.02 2.05 7
3 2.61 2.29 2.04 2.44 2.55 2.27 2.37 6

3.5 2.89 2.65 10.28 5.28 3 Low tide 
3 0.5 1.34 1.31 1.36 1.37 1.34 1.26 1.33 1.35 1.33 8 11.8 11:13 2100

1 1.39 1.38 1.41 1.42 1.44 1.43 1.47 1.47 1.43 8 -0.8 ft
1.5 1.45 1.54 1.60 1.70 1.74 1.78 2.06 2.53 1.80 8 MLLW

2 1.61 1.71 1.80 2.41 4.15 3.64 3.76 4.96 3.01 8
2.5 1.83 2.20 3.55 5.47 7.63 8.56 8.93 9.15 5.92 8

3 3.27 5.62 9.34 10.14 11.93 12.69 12.62 11.82 9.68 8
3.5 8.97 12.74 13.85 18.87 20.64 21.71 21.87 23.71 17.80 8

4 22.42 23.32 24.78 25.36 25.21 26.00 25.93 24.72 7
4.5 24.72 25.11 25.63 26.40 26.53 26.76 26.69 25.98 7

5 26.82 26.82 1
4 0.5 1.33 1.35 1.36 1.41 1.35 1.46 1.40 1.42 1.38 8 16.2 2100

1 1.60 1.61 1.66 1.64 1.49 1.36 1.48 1.41 1.53 8
1.5 3.07 3.64 3.07 2.58 1.94 1.93 1.85 1.57 2.46 8

2 5.53 7.39 6.29 5.27 4.85 3.30 3.01 2.65 4.78 8
2.5 9.30 10.73 9.86 9.78 10.16 8.13 7.37 7.21 9.07 8

3 14.49 20.01 16.10 17.70 15.76 15.64 13.95 16.80 16.31 8
3.5 25.29 25.64 25.62 25.17 25.39 25.09 21.50 21.59 24.41 8

4 26.51 26.32 26.69 26.59 26.82 26.63 26.27 25.93 26.47 8
4.5 26.83 26.88 26.94 26.94 26.99 26.90 26.97 26.92 7

5 26.93 26.96 27.04 27.06 27.25 27.16 27.26 27.09 7
5.5 27.07 27.06 27.17 27.23 27.35 27.41 27.21 6

6 27.15 27.25 27.26 27.31 27.43 27.28 5 High tide 
5 0.5 1.51 1.49 1.41 1.38 1.32 1.23 1.22 1.19 1.34 8 16.2 17:47 2100

1 1.57 1.60 1.44 1.44 1.33 1.28 1.28 1.21 1.39 8 +11 ft
1.5 2.12 1.94 1.58 1.61 1.45 1.46 1.43 1.37 1.62 8 MLLW

2 2.54 2.39 2.18 2.00 1.69 1.64 1.58 1.55 1.95 8
2.5 7.09 8.14 5.58 3.58 3.43 2.57 2.22 2.08 4.34 8

3 17.54 18.57 17.15 16.77 15.02 12.93 10.92 8.22 14.64 8
3.5 22.95 23.69 23.85 22.93 22.90 22.37 21.69 21.54 22.74 8

4 26.35 25.86 25.88 25.79 25.66 25.02 24.66 24.30 25.44 8
4.5 27.10 27.01 27.12 27.19 27.17 26.59 26.28 26.92 7

5 27.35 27.36 27.41 27.45 27.48 27.40 27.41 6
5.5 27.60 27.55 27.54 27.72 27.62 27.55 27.60 6

6 27.66 27.66 27.71 27.80 27.72 27.71 5
6.5 27.69 27.73 27.81 27.86 27.77 4

6 0.5 1.25 1.21 1.28 1.24 1.19 1.14 1.17 1.06 1.19 8 12.7 2100
1 1.30 1.28 1.31 1.30 1.18 1.19 1.19 1.19 1.24 8

1.5 1.38 1.38 1.42 1.38 1.34 1.37 1.33 1.33 1.37 8
2 1.59 1.59 1.56 1.47 1.47 1.44 1.47 1.40 1.50 8

2.5 2.21 1.91 1.75 1.65 1.63 1.58 1.67 1.60 1.75 8
3 6.65 5.12 3.17 3.29 2.69 3.10 3.21 3.89 7

3.5 20.35 19.39 15.28 12.67 10.13 9.79 6.55 13.45 7
4 24.29 24.00 23.22 22.96 22.12 22.05 19.98 22.66 7

4.5 25.49 25.54 25.10 24.65 24.91 25.13 25.14 6
5 26.73 26.47 25.91 25.93 25.89 26.01 26.16 6

5.5 27.25 27.12 26.74 26.96 26.50 26.91 5
6 27.52 27.61 27.56 2

DMVA 16.2
< 5 ppt 5 to 10 ppt 10 to 15 ppt 15 to 20 ppt >20 ppt DVA 10.7
Salinity calculated from data recorded on Instrument retrieval

Abbreviation(s)
cfs = cubic feet per second m = meter PSS = practical salinity scale
DMVA = daily maximum vertical average MLLW = mean lower low water T = trace of precipitation
DPS = discrete profile station ppt = parts per thousand
ft = feet Precip KBFI = 1-hour precipitation total recorded at Seattle Boeing Field (KBFI)

North Boeing Field, Seattle/Tukwila, Washington

+8.2 ft to +11.0 ft MLLW

+11.0 ft to +9.2 ft MLLW

+8.8 ft to +5.4 ft MLLW

TABLE 5

SALINITY RESULTS FOR SAMPLING EVENT 3 – APRIL 17, 2011
Slip 4 Salinity Monitoring

Estimated tide
Flow Rate 

(cfs)
Precip 
KBFI

+1.4 ft to -0.7 ft MLLW

-0.8 ft to +1.4 ft MLLW

+2.7 ft to +7.6 ft MLLW
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APPENDIX A 

Field Notes 





















 

 

APPENDIX B 

Seattle Boeing Field (KBFI) Weather Conditions 









 

 

APPENDIX C 

Tide Charts Duwamish Waterway, 8th Avenue South 



Tides:Duwamish Waterway, Eighth Ave. South
based on Seattle (Madison St), Elliot Bay Washington (NOAA)

 47° 32 06 N 122° 19 18 W

Thursday, March 17, 2011
Average Tides

Mean Range: 7.5 ft
MHHW: 11.1 ft

Mean Tide: 6.4 ft

Daily Highs & Lows
04:24 10.9 ft High
10:17 4.4 ft Low
15:43 10.1 ft High
22:13 0.1 ft Low

0 2 4 6 8 10 ft

04:24
10.9

10:17
4.4

15:43
10.1

22:13
0.1

(PDT) Tide

00:00 3.6 ft
00:15 4.2 ft
00:30 4.8 ft
00:45 5.4 ft
01:00 6.1 ft
01:15 6.7 ft
01:30 7.3 ft
01:45 7.8 ft
02:00 8.4 ft
02:15 8.9 ft
02:30 9.3 ft
02:45 9.7 ft
03:00 10.0 ft
03:15 10.3 ft
03:30 10.5 ft
03:45 10.7 ft
04:00 10.8 ft
04:15 10.9 ft
04:30 10.9 ft
04:45 10.9 ft
05:00 10.8 ft
05:15 10.6 ft
05:30 10.4 ft
05:45 10.2 ft
06:00 9.9 ft
06:15 9.6 ft
06:30 9.2 ft
06:45 8.9 ft
07:00 8.5 ft
07:15 8.0 ft
07:30 7.6 ft
07:45 7.2 ft
08:00 6.7 ft
08:15 6.3 ft
08:30 5.9 ft
08:45 5.6 ft
09:00 5.2 ft
09:15 5.0 ft
09:30 4.7 ft
09:45 4.6 ft
10:00 4.5 ft
10:15 4.4 ft
10:30 4.5 ft
10:45 4.5 ft
11:00 4.7 ft
11:15 4.9 ft
11:30 5.1 ft
11:45 5.4 ft
12:00 5.7 ft
12:15 6.0 ft
12:30 6.4 ft
12:45 6.8 ft
13:00 7.2 ft
13:15 7.6 ft
13:30 8.0 ft
13:45 8.4 ft
14:00 8.8 ft
14:15 9.1 ft
14:30 9.4 ft
14:45 9.7 ft
15:00 9.9 ft
15:15 10.0 ft
15:30 10.1 ft
15:45 10.1 ft
16:00 10.1 ft
16:15 10.0 ft
16:30 9.8 ft
16:45 9.6 ft
17:00 9.3 ft
17:15 9.0 ft
17:30 8.6 ft
17:45 8.2 ft
18:00 7.7 ft
18:15 7.2 ft
18:30 6.7 ft
18:45 6.1 ft
19:00 5.5 ft
19:15 4.9 ft
19:30 4.3 ft
19:45 3.7 ft
20:00 3.1 ft
20:15 2.6 ft
20:30 2.0 ft
20:45 1.5 ft
21:00 1.1 ft
21:15 0.7 ft
21:30 0.5 ft
21:45 0.3 ft
22:00 0.1 ft
22:15 0.1 ft
22:30 0.2 ft
22:45 0.3 ft
23:00 0.5 ft
23:15 0.8 ft
23:30 1.2 ft
23:45 1.6 ft
00:00 2.1 ft

Printed by Tides & Currents™ by Jeppesen Marine.  (503) 579-1414 • www.nobeltec.com



Tides:Duwamish Waterway, Eighth Ave. South
based on Seattle (Madison St), Elliot Bay Washington (NOAA)

 47° 32 06 N 122° 19 18 W

Wednesday, April 13, 2011
Average Tides

Mean Range: 7.5 ft
MHHW: 11.1 ft

Mean Tide: 6.4 ft

Daily Highs & Lows
02:06 10.3 ft High
08:20 5.1 ft Low
13:23 8.4 ft High
19:50 1.1 ft Low

0 2 4 6 8 10 ft

02:06
10.3

08:20
5.1

13:23
8.4

19:50
1.1

(PDT) Tide

00:00 8.8 ft
00:15 9.1 ft
00:30 9.4 ft
00:45 9.7 ft
01:00 9.9 ft
01:15 10.1 ft
01:30 10.2 ft
01:45 10.3 ft
02:00 10.3 ft
02:15 10.3 ft
02:30 10.3 ft
02:45 10.2 ft
03:00 10.1 ft
03:15 9.9 ft
03:30 9.7 ft
03:45 9.5 ft
04:00 9.3 ft
04:15 9.0 ft
04:30 8.7 ft
04:45 8.4 ft
05:00 8.1 ft
05:15 7.8 ft
05:30 7.5 ft
05:45 7.1 ft
06:00 6.8 ft
06:15 6.5 ft
06:30 6.2 ft
06:45 5.9 ft
07:00 5.7 ft
07:15 5.5 ft
07:30 5.4 ft
07:45 5.2 ft
08:00 5.2 ft
08:15 5.1 ft
08:30 5.1 ft
08:45 5.2 ft
09:00 5.3 ft
09:15 5.4 ft
09:30 5.5 ft
09:45 5.7 ft
10:00 5.9 ft
10:15 6.1 ft
10:30 6.3 ft
10:45 6.6 ft
11:00 6.8 ft
11:15 7.1 ft
11:30 7.3 ft
11:45 7.6 ft
12:00 7.8 ft
12:15 8.0 ft
12:30 8.1 ft
12:45 8.3 ft
13:00 8.4 ft
13:15 8.4 ft
13:30 8.4 ft
13:45 8.4 ft
14:00 8.3 ft
14:15 8.2 ft
14:30 8.0 ft
14:45 7.8 ft
15:00 7.5 ft
15:15 7.2 ft
15:30 6.9 ft
15:45 6.5 ft
16:00 6.2 ft
16:15 5.8 ft
16:30 5.3 ft
16:45 4.9 ft
17:00 4.5 ft
17:15 4.0 ft
17:30 3.6 ft
17:45 3.2 ft
18:00 2.8 ft
18:15 2.4 ft
18:30 2.0 ft
18:45 1.8 ft
19:00 1.5 ft
19:15 1.3 ft
19:30 1.2 ft
19:45 1.1 ft
20:00 1.2 ft
20:15 1.2 ft
20:30 1.4 ft
20:45 1.6 ft
21:00 1.8 ft
21:15 2.1 ft
21:30 2.5 ft
21:45 2.9 ft
22:00 3.4 ft
22:15 3.8 ft
22:30 4.3 ft
22:45 4.8 ft
23:00 5.4 ft
23:15 5.9 ft
23:30 6.5 ft
23:45 7.0 ft
00:00 7.5 ft

Printed by Tides & Currents™ by Jeppesen Marine.  (503) 579-1414 • www.nobeltec.com



Tides:Duwamish Waterway, Eighth Ave. South
based on Seattle (Madison St), Elliot Bay Washington (NOAA)

 47° 32 06 N 122° 19 18 W

Sunday, April 17, 2011
Average Tides

Mean Range: 7.5 ft
MHHW: 11.1 ft

Mean Tide: 6.4 ft

Daily Highs & Lows
04:32 11.6 ft High
11:13 -0.8 ft Low
17:47 11.0 ft High
23:28 3.7 ft Low

0 2 4 6 8 10 12 ft

04:32
11.6

11:13
-0.8

17:47
11.0

23:28
3.7

(PDT) Tide

00:00 4.0 ft
00:15 4.5 ft
00:30 4.9 ft
00:45 5.4 ft
01:00 5.9 ft
01:15 6.5 ft
01:30 7.0 ft
01:45 7.7 ft
02:00 8.2 ft
02:15 8.8 ft
02:30 9.3 ft
02:45 9.8 ft
03:00 10.2 ft
03:15 10.6 ft
03:30 11.0 ft
03:45 11.2 ft
04:00 11.4 ft
04:15 11.6 ft
04:30 11.6 ft
04:45 11.6 ft
05:00 11.5 ft
05:15 11.3 ft
05:30 11.1 ft
05:45 10.7 ft
06:00 10.4 ft
06:15 9.9 ft
06:30 9.4 ft
06:45 8.9 ft
07:00 8.3 ft
07:15 7.6 ft
07:30 6.9 ft
07:45 6.2 ft
08:00 5.6 ft
08:15 4.8 ft
08:30 4.1 ft
08:45 3.4 ft
09:00 2.7 ft
09:15 2.0 ft
09:30 1.4 ft
09:45 0.8 ft
10:00 0.3 ft
10:15 -0.1 ft
10:30 -0.4 ft
10:45 -0.7 ft
11:00 -0.8 ft
11:15 -0.8 ft
11:30 -0.8 ft
11:45 -0.6 ft
12:00 -0.4 ft
12:15 0.0 ft
12:30 0.4 ft
12:45 0.9 ft
13:00 1.4 ft
13:15 2.0 ft
13:30 2.7 ft
13:45 3.3 ft
14:00 4.0 ft
14:15 4.7 ft
14:30 5.5 ft
14:45 6.2 ft
15:00 6.9 ft
15:15 7.6 ft
15:30 8.2 ft
15:45 8.7 ft
16:00 9.3 ft
16:15 9.7 ft
16:30 10.1 ft
16:45 10.4 ft
17:00 10.7 ft
17:15 10.9 ft
17:30 11.0 ft
17:45 11.0 ft
18:00 11.0 ft
18:15 10.9 ft
18:30 10.8 ft
18:45 10.5 ft
19:00 10.3 ft
19:15 10.0 ft
19:30 9.6 ft
19:45 9.2 ft
20:00 8.8 ft
20:15 8.3 ft
20:30 7.8 ft
20:45 7.4 ft
21:00 6.9 ft
21:15 6.4 ft
21:30 5.9 ft
21:45 5.4 ft
22:00 5.0 ft
22:15 4.6 ft
22:30 4.3 ft
22:45 4.0 ft
23:00 3.9 ft
23:15 3.8 ft
23:30 3.7 ft
23:45 3.8 ft
00:00 3.9 ft
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